The rapid economic growth in the East Asian region has particularly raised the issue of air quality. Indoor Air Quality (IAQ) has also become an important research topic in the building environment. Indoor air pollutants are harmful to human health and are especially dangerous to vulnerable populations, such as elderly people and children. Wood interior remodelling can protect people's health from indoor air pollutants and wood is and eco-friendly and sustainable building material with low thermal conductivity and humidity control. This study measured the IAQ of twelve welfare facilities in Korea which renovated the interior with wood materials to improve indoor air quality. In this study, twelve IAQ factors were measured as follows. Comfort factors (Temperature and Relative humidity), particulate matter, biological pollutants, air borne asbestos fibers, and chemical pollutants (carbon dioxide, formaldehyde, Volatile Organic Compounds, radon, ozone, nitrogen oxide and carbon monoxide). As a result, the measured value of the indoor air quality factors for 12 welfare facilities is as follows. The average particulate matter was less than 12μg/m 3 , the average of carbon dioxide was 754.2ppm, the formaldehyde was 46.6μg/m 3 , the volatile organic compounds was 335μg/m 3 , the total airborne bacteria was 37.8 CFU/m 3 and the radon was 59.5Bq/m 3 .
Introduction
Indoor Air Quality(IAQ)has also become an important research topic in the building environment. Furthermore, children and elderly people spend more of their time in indoor environments and are therefore more exposed to indoor air pollution than outdoor air pollution [1] . The use of wood in indoor environments and the health benefits of wood have attracted increased attention from industry and research. Most previous studies on the health benefits of wood used in indoor environments suggest that wood settings can constitute healthy indoor quality [2] . Therefore, this paper analysed the IAQ of the nursery schools and Seniors Welfare Center in Korea that had remodelled their floors and walls using wood materials. The types of the measurement locations are shown in Table 1 and figure 1. Table 2 shows the sampling times and the number of samples per indoor air pollutant. The indoor comfort parameters, namely T and RH, as well as CO2, were measured using electrochemical sensors, and were also measured outdoors. PM2.5 and PM10 were measured using an ISR-5000-1 PM monitor (Sensoronic Co., LTD, Korea), CO2 was measured using a Falcon-II Air Quality Monitor (Critical Environment Technologies Canada Inc., Canada). HCHO and VOCs were using the Integrating Flow Rate Measurement method. The equipment used included a SIBATA pump (MP-Σ30, MP-Σ300, SIBATA Co., Korea), which inflows 21 liters of HCHO and 4.5 liters of VOCs, respectively. The SIBATA pump functions only as a pump, not as a direct measurement of air pollutants. HCHO and VOCs in the air were collected using DNPH cartridge and Tenax tube. Total airborne bacteria were measured using the inertial impaction method, which connects an inhalation pump to the node in order to contact the airborne bacteria with an inertial impaction method on the bouillons for bacteriological cultures. Airborne asbestos fibers were collected by using ZOO8BA (Zefon International, Inc., USA), which is an asbestos measuring device which is applied to the NIOSH, AHERA, OSHA, and EPA standard test methods as well as the indoor air quality process test method. Radon was measured using a RAD7 (DURRIDGE COMPANY Inc., USA), Ozone was measured using an OZ 2000G (Seres Environment Co., France) that is in accordance with EN 14625: 2005 standards. NOx was measured using a DA-2300 (KEMIK Corporation, Korea) and CO was measured using a 300E (Teledyne API, USA) which used the Beer-Lambert method. Indoor air quality measurements were performed in 12 welfare facilities in Korea. Indoor air quality factors were measured according to the indoor air quality official test standard in the welfare facility environment in Korea [3] . The mean values of the air pollutants were used and compared with reference standards and guidelines aiming to evaluate exceedances and/or non-compliances. Table 3and Table 4 show the mean values of the twelve IAQ factors in the twelve welfare facilities measuring IAQ. All 12 measurement locations were welfare facilities remodelled by wood interior, and this study is being carried out in order to analyze the effect and status of indoor wood remodelling on indoor air quality. Figure 2 shows the comparison of the quantity of wood with HCHO concentration. The location K shows the maximum value using 26.8 kg of wood per unit area, when comparing the IAQ factor and the quantity of wood used there was no difference found in the IAQ level according to the quantity of wood used. However, as shown in Fig. 20 , the higher the quantity of wood used, the lower the concentration of HCHO. This is because the remodelled interior used many other building materials such as adhesives and furniture instead of wood materials. In order to accurately confirm the IAQ improvement effect of IAQVEC IOP Conf. Series: Materials Science and Engineering 609 (2019) 042020 IOP Publishing doi:10.1088/1757-899X/609/4/042020 4 wood remodelling, the IAQ must be measured prior to remodelling with wood, as it is necessary to compare the IAQ improvement effect.
Results and discussion

The measured mean values of the twelve IAQ factors.
Comparison of IAQ levels between quantity of wood
Figure 2. Comparison of quantity of wood with HCHO concentration
Comparison of measured indoor Particulate Matter data at different areas around the world
The exposure of children and elderly people to Particulate Matter(PM) has been shown to increase allergen sensitization, decrease lung function, and exacerbate pre-existing respiratory conditions like asthma [4] . Table 5 shows that the PM values of welfare facilities remodelled by wood in this study are significantly lower than those of other welfare facilities that were not remodelled with wood in different areas around the world. [4] measured the ultrafine particles (UFP), PM2.5, PM10, and black carbon in 40 California child-care facilities and examined their associations with potential determinants. For PM10, the value exceeded the EPA indoor air standard. In order to guide the design of a larger exposure assessment study in urban child care facilities at Columbia, [5] conducted a pilot study in which we characterized the indoor concentrations of select VOCs and PM. The PM value of this paper was relatively low. [6] investigated the concentrations of volatile organic compounds (VOCs), particulate matter (PM), and bacterial and fungal bioaerosols, as well as of carbon dioxide (CO2) in younger and older children's classrooms during the winter season at two urban nursery schools, located within traffic and residential areas at Gliwice, Poland. [7] collected data on indoor air climate parameters (temperature and relative humidity), carbon dioxide (CO2), and various dust particle fractions (PM10, PM2.5) in winter 2004-2005 in 92 classrooms, and in summer 2005 in 75 classrooms, and for the latter both gravimetrical and continuous measurements by laser aerosol spectrometer (LAS) were implemented. [8] examined the elemental composition of particulate matter (PM1, PM2.5, PM10) in a school and was also to investigate to what degree indoor elemental concentrations are affected by outdoor air or are generated inside the school. [9] investigated the air quality in a primary school placed in a town in East Serbia. The characterization of air pollution concentration was performed with the main goal of determining the relationship between indoor and outdoor air pollution within five classrooms. The measurements were conducted continuously in indoor and outdoor environments for period of 10 days. The standard sampling and analytical methods were applied (gas chromatography coupled with mass spectrometry). The PM value of this study is PM2.5 for 10.12 μg/㎥ and PM10 for 10.62 μg/㎥ at the nursery facility. Through the comparison of this study and other studies, it can be confirmed that the PM value can be significantly lowered when the room interior is remodelled with wood. PM values of the day care centers remodelled by wood were lower than those of other nursery schools in Korea. By using wood as the inner wall interior, it reduces the amount of particulate matter generated in the wallpaper and reduces the dust floating due to dust sticking to the wood due to static electricity. Table 5 . Comparison of measured indoor particulate matter data in different areas around the world.
Conclusions
As concerns and interest in indoor air quality as well as outdoor air quality continue to increase worldwide, certification standards and legislation for indoor air quality have been strengthened. Air pollutants such as HCHO, VOCs, NOx, and Rn are harmful factors directly related to human health and are especially dangerous to vulnerable people, such as the elderly and children. Therefore, in order to improve the indoor air quality of welfare facilities in which mainly the elderly and children live, the interior was remodelled using wood and the IAQ of 12 welfare facilities was measured. Wood has the effect of improving the IAQ as a sustainable eco-friendly material with low thermal conductivity and humidity control performance. Twelve IAQ factors, including temperature and humidity, were measured in order to evaluate IAQ in 10 nursery facilities and 2 senior welfare centers in Korea, and the resulting numerical values were compared with international indoor air quality standards. The results of the IAQ measurement are as follows: First, most of IAQ measurement of 10 factors satisfied Indoor air quality official test standard (2017, Korea). Second, as a result of the measurement, it is confirmed that the IAQ values exceeded the indoor air quality standards by insignificant amounts. Finally, the results of IAQ measurement can be judged to say that the air quality is improved by wood interior remodelling through satisfying the international indoor air quality guidelines. Furthermore, remodelled wood interior is effective in lowering the PM concentration of the indoor air quality. However, there were no measured values prior to welfare facility wood remodelling, and relative comparison is difficult. For a specific evaluation of the improvement effect in indoor air quality caused by wood remodelling. Assessment of the indoor environment prior to remodelling is essential and IAQ measurements should be made periodically after wood remodelling. Based on this paper, it will be possible to establish a basis for the improvement of wood environments and the improvement of IAQ with wood remodelling. In future studies, it is necessary to study the psychological benefits of wood remodelling on top of the indoor air quality benefits. 
